The purpose of this study was to identify common underlying etiologies that may be responsible for isolated acute nontraumatic cortical subarachnoid hemorrhage (cSAH) by analysis of magnetic resonance imaging (MRI) findings of the brain. Materials and Methods: From August 2005 to February 2014, 15 cSAH patients were admitted to our institution. All patients with cSAH underwent brain MRI and magnetic resonance angiography as a part of their initial evaluation. An analysis of the patients' medical history, clinical presentations, and brain MRI findings was retrospectively performed. Results: Among the combined pathologies that were suspected causes of cSAH, 11 patients showed acute or subacute cerebral infarctions at the ipsilateral hemisphere of cSAH on the diffusion-weighted images. Four of 11 patients had only cerebral infarction, but the other 7 had combined vasculopathy of extra-and intracranial arteries. Four of 15 patients who did not have cerebral infarction, had intracranial artery stenosis, or showed possible cerebral amyloid angiopathy, or no abnormal findings on the brain MRI. Conclusion: Ischemic stroke, such as cerebral infarction or vasculopathy of the extraand intracranial arteries is regarded as a common underlying etiology of the cSAH based on MRI findings.
INTRODUCTION
Isolated acute nontraumatic cortical subarachnoid hemorrhages (cSAHs), also called convexal subarachnoid hemorrhages and convexity subarachnoid hemorrhages, are rare cases of bleeding in the subarachnoid space. They are localized to the convexities of the brain, usually several cortical sulci, without involving the brain parenchyma or extending into the interhemi- We analyzed the associated radiologic findings of magnetic resonance imaging (MRI) of the brains of cSAH patients at a single center, in order to emphasize the importance of ischemic strokes as a common cause of cSAH.
MATERIALS AND METHODS

Study Plan and Patient Group
Our hospital's Institutional Review Board approved this retrospective study.
Patient Inclusion Criteria
We selected patients with cSAHs, i.e., with evidence of acute blood restricted to one or several cortical sulci at the convexity of the brain on initial brain computed tomography (CT) scans or MRI (14, 15) .
Patient Exclusion Criteria
We reviewed medical records, including hospital notes, laboratory data, and imaging studies, to exclude traumatic SAH and patients who exhibited the spreading of blood into Sylvian or interhemispheric fissures, as well as those with basal cisterns. We also excluded patients with intracerebral bleeding that may have ruptured into the subarachnoid space, patients with damage to the brain parenchyma adjacent to the cSAH, and patients with a large degree of cerebral infarction adjacent to the cSAH. Patients with only superficial siderosis were also excluded from the study.
Moreover, patients with preceding episodes of head trauma, intracranial aneurysms, or thrombolytic therapy were excluded.
We retrospectively searched the radiologic reports of all the patients identified with cSAHs by initial brain CT scans or MRI medical history, clinical presentations, and brain MRI findings.
Three (20%) patients had diabetes mellitus (DM), three (20%) patients had hypertension (HTN), and one (7%) had both. One (7%) patient had atrial fibrillation. One (7%) had chronic kidney disease and double primary cancers of the lung and prostate.
One (7%) had previous myocardial infarction ( Table 1 ). All the patients had a normal platelet count, prothrombin time, and activated partial thromboplastin time.
MR Imaging Protocol
Brain Only one (7%) patient showed multiple intracerebral hemorrhage (ICH), which satisfied the Boston criteria for probable CAA (16) . The remaining patient (7%) did not have any combined radiological abnormalities and exhibited only a cSAH. Table 2 presented the concise results.
Eleven patients who underwent brain dynamic susceptibility contrast perfusion study employing MRI showed no perfusion defect; however, three of the eleven patients exhibited the hyperperfusion state of the infarcted area. This could be considered a "luxury perfusion" after the acute cerebral infarction. however, there is speculation that it arises from abrupt changes in the cerebral arterial tone (17, 18) . Patients > 60 years have an increased association of cSAHs with the CAA (15). Spitzer et al. In contrast to these previous reports, our study showed that the ischemic stroke is the major etiology of the cSAH. Ischemic stroke, including cerebral infarctions, extra-or intracranial arterial stenosis, and intracranial arterial dissections was the confirmed cause in thirteen of fifteen cases (87%). Among the com- for these coincidental observations (21) (22) (23) . Some of our cases, particularly those of intracranial arterial stenosis without cerebral infarction, supported this hypothesis.
DISCUSSION
A possible underlying mechanism of cSAHs is as follows. Changes in the blood-brain barrier (BBB) reportedly occur in an acute or chronic ischemic insult (24) (25) (26) (27) (28) (29) (30) . BBB abnormalities are reported in patients with small-vessel diseases secondary to HTN and DM (28) . Particularly for lacunar strokes, BBB dysfunction was confirmed as a part of the pathogenesis (29) . The disruption of the BBB during ischemia, hypoxia, or a hemorrhage progresses by two steps. The initial opening of the BBB is reversible and associated with the activation of matrix metalloproteinases. The second opening of the BBB occurs 24 to 48 h after a reperfusion, depending on the length of the ischemia.
The BBB is damaged after these two steps, and its permeability increases (28) . The qualitative visualization of Gadolinium-diethylenetriaminepenta-acetic acid (Gd-DTPA) indirectly indi-cates the leakiness of the blood vessels in the acute stage of a stroke. Several hours after the injection of Gd-DTPA, FLAIR images exhibit the disruption of the BBB, which appears as an en- hancement in the sulci over the infarcted area in 1/3rd of acute ischemic stroke patients (31) . BBB damage is an important factor in the growth of ICHs and hemorrhagic transformations (30, 32, 33) . The permeability of the BBB can increase in acute strokes because of the breakdown of the BBB by the ischemic insult. The BBB breakdown can potentially explain the mechanism underlying the damage to the cerebral vasculature in largeartery stenosis, which causes a chronic ischemic insult to the brain. Therefore, the leakage of blood through the BBB to the subarachnoid space in patients with an ischemic stroke may be possible.
In contrast to many previous studies, our study showed that ischemic stroke is the major etiology of the cSAH. The possible reason for the current results is that the difference in proportionate distribution of ischemic-stroke subtypes between Western and Korean populations. Most previous studies on cSAHs are conducted on Western patients. Furthermore, Western patients have a significantly greater proportion of cardioembolic and cryptogenic stroke, as compared with Koreans (34) . The Korean population has a high incidence of cardioembolic stroke but also exhibits the greatest proportion of large-artery atherosclerosis among the ischemic stroke subtypes (35) . The higher relative incidence of large-artery atherosclerosis in Korean patients may be one of the reasons why ischemic strokes are frequently associated with cSAHs. Thus, large-artery atherosclerosis may cause a chronic ischemic insult to the brain, which could be the mechanism underlying cSAHs.
Our study had some limitations. Our observations reflect experiences at a single tertiary care center, as obtained by a retrospective analysis. Thus, the study may have sources of selection bias.
In conclusion, ischemic stroke could be a common underlying etiology of isolated acute nontraumatic cSAHs. Damage to the cerebral vasculature, particularly the breakdown of the BBB due to an ischemic stroke, is the possible and dominant mechanism underlying the cSAH. 
